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DS-MOF ഓҒࢢ    
1D-DS-Co-MOF 4dpds 2.5-3.2 
0.2 
๎ు→ैు 
1D-DS-Cu-MOF 4dpds 2.4-4.2 ๎ు→ैు 
2D-DS-Cu-MOF 4dpds 2.4-4.1 ๎ు→ैు 
3D-DS-Mn-MOF 1 6dtna 4.2-1.7 ैు→๎ు 







ܨ ൌ ܥ െ ܲ ൅݉ ሺࣞ ʹ െ ͳሻ


























ΗΖɽ͞ ΗΓΕɼൕԢ઴Ͷ͕͏ͱͺ ͯ͹ࣖکร਼ɼͤ ͵Κͬɼుѻ͗รԿͤΖ
͞ͳ͗Κ͖ΖɽͨΗͶଲ͢ɼൕԢ஦ͺుմ࣯΢Ψϱ͗ૢ೘͠Ηͪਜ਼ۅ׈෼࣯ݽ
૮ ͗৿ͪͶਫ਼ͣΖͪΌɼ3  ͳ͵Εɼ)  ͗಍͖ΗΖɽ͞ΗΓΕɼൕԢ஦
ͺుѻ͗Ҳఈͳ͵Ζ͞ͳ͗Κ͖ΖɽൕԢޛͺਜ਼ۅ৏͹ݽ૮  ͳෝۅϨοΤϞ͹
































മຜਜ਼ۅͲͺɼॄుରͲ͍ΖΠϩϝഫ͖Δ͹ ; તյ઄ͶΓͮͱ '602) ͹
յ઄کౕΝ؏଎Ͳ͘͵͚͵ͮͱ͢Ή͑ɽͨ͞ͲɼH[VLWX3;5'଎ఈͶͺϘϪρ
φుۅΝ࢘༽ͪ͢ɽҐԾͶϘϪρφਜ਼ۅ͹ࡠ੣๑Νफ़΄ΖɽΉͥɼ֦'602)
ͳ 7RND%ODFN  ౨քΩʖϚϱהࣞճऀΝ೗ൃ஦Ͳ  ෾ؔࠠ߻ͪ͢ޛɼ





DS-MOF ഓҒࢢ   
1D-DS-Co-MOF 4dpds 2.5-3.2 ๎ు→ैు 
1D-DS-Cu-MOF 4dpds 2.4-4.2 ๎ు→ैు 
2D-DS-Cu-MOF 4dpds 2.4-4.1 ๎ు→ैు 
3D-DS-Mn-MOF 1 6dtna 4.2-1.7 ैు→๎ు 
3D-DS-Mn-MOF 2 2dtba 3.6-1.8 ैు→๎ు 
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৏फ़͹ &X΢Ψϱͳ GSGV ഓҒࢢ͗ਦ  F͹Γ͑͵࢐ԿؒݫൕԢΝࣖͤ
͞ ͳ Ͳ ''6&X02) ͗ ਜ਼ ۅ ׈ ෼ ࣯ ͳ ͵ Ζ ͳ Հ ఈ ͤ Ζ ɽ
>&X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GSGV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+&+ ৵क़৾ಊͳ
&+৵क़৾ಊ͕Γ;ࢨ໴྘Ү FP&&O ৵क़৾ಊ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 ݺ͹ΰηφ &+2+ Ν؜΋ۯ޺ $ ͗  ͯɼ ݺ͹ΰηφ &+2+ ͳ  ݺ͹ΰ
ηφ +2 Ν؜΋ۯ޺ % ͗  ͯଚࡑ͢ɼਦ  F͗ࣖͤΓ͑Ͷɼ͞ΗΔ͹ۯ޺
ͺۯ޺ & ͶΓͮͱͯ͵͗ͮͱ͏Ζɽ3/$721 Ͳܯࢋͪ͢ͳ͞Θɼۯ޺ $ ͳ %




>0QGWQD+2@&+2++2 Ͷͺ ͯ͹0Q΢Ψϱͳ ͯ͹ GWQD
ഓҒࢢɼ ͯ͹ΰηφ &+2+ ͳ  ͯ͹ΰηφ +2 ͗؜ΉΗͱ͕Εɼΰηφ



















Ζɽਦ D͹ 7*$ ͶΓΕɼਇۯף૫઴Ͳͺ  ˈͶ͖͜ͱٺ͵࣯ྖݰঙ
͗ݡΔΗͪ͗ɼਇۯף૫ޛ͹࣯ྖݰঙͺ  ˈ͖Δ࢟ΉΕɼ ˈͶ͖͜ͱ
࣯ྖ͗҈ఈ͢ͱ͏ͪɽ͞ ΗΓΕɼ ˈͶ͕͜Ζ࣯ྖݰঙͺɼۯ޺Ͷ؜ΉΗ͵
͖ͮͪ฾ӹϟνόʖϩͳਭ͹ৢ൅ͶΓΖ΍͹ͳࢧΚΗɼΰηφ &+2+ ͕Γ
;+2͗୦཯ͪ͢Իౕͺ  ˈ͹ؔͲ͍Ζͳߡ͓ͪɽΉͪɼ ˈͶ






ͶรԿ͢ͱ͏ͪɽ͞ Ηͺɼਇۯף૫ͶΓͮͱ ''60Q02) ͹ Ͷ
૮౲ͤΖΰηφ&+2+ͳ+2͹ྈ๏͗୦཯ͪ͢͞ͳΝқັ͢ͱ͏Ζɽ͞ΗΓ
Εɼ PRO ͹ ''60Q02)  ͖Δਇۯף૫ͶΓͮͱ୦཯ͤΖΰηφ
&+2+0&+2+ JPROͳΰηφ+2͹૱࣯ྖͺ J Ͷ͵ΖͪΌɼ͞
͹஍͖Δ୦཯֦ͪ͢ΰηφ͹ݺ਼ΝٽΌΖ͞ͳ͗Ͳ͘ΖɽΉͥɼୱҒ֪ࢢͶͺΰ




ͳͺǤͲʹ ൈ ͳ ൅ ͵ʹǤͲͶ ൈ Ͷ





ΓΕɼ ݺ͹ΰηφ +2 ͳ  ݺ͹ΰηφ &+2+ ͹୦཯ͪ͢͞ͳͶ͵Ζɽ
͞ΗΓΕɼۯ޺$% ͨΗͩΗͶ؜ΉΗΖΰηφ&+2+͹ݺ਼ͳ૱ର੷Νܯࢋ
ͤΖɽୱҒ֪ࢢͺ ݺ͹>0QGWQD +2@͖Δܙ੔͠Ηͱ͕Εɼͨ͹஦Ͷ
ͺ ݺ͹ΰηφ&+2+Ν؜΋ۯ޺$͗ ͯͳ ݺ͹ΰηφ&+2+ͳ ݺ͹
+2Ν؜΋ۯ޺%͗̒ͯଚࡑͤΖɽͤ ͵Κͬɼͤ ΄ͱ͹ۯ޺$ͳ %Ͷ؜ΉΗΖ
ΰηφ &+2+ ͹ଚࡑർͺ  ͳ͏͑͞ͳͶ͵Ζɽਇۯף૫ॴཀྵͶΓͮͱ୦཯
ͪ͢ΰηφ &+2+ ͹ݺ਼ͺૌ੔͍ࣞͪΕ  ݺͲ͍Ζ͖ΔɼୱҒ֪ࢢ͖Δ߻
ܯ  ݺ͹ΰηφ&+2+͗୦཯͢ͱ͕Εɼۯ޺$% ͖Δಋͣׄ߻Ͳ୦཯ͪ͢
ͳ͏͑Հఈ͹΍ͳͲͺɼͯ͹ۯ޺$͖Δ  ݺɼͯ͹ۯ޺%͖Δ  ݺ͹ΰ
ηφ &+2+ ͗୦཯ͪ͢͞ͳͶ͵Ζɽ͞͞Ͳ &+2+ ͹෾ࢢྖ 00H2+ͳືౕН




















ͤΖɽ ͯ͹ۯ޺ % Ͷͺݫʓ ݺ͹ΰηφ +2 ͗؜ΉΗͱ͏Ζ͗ɼਇۯף૫Ͷ

































Ϡϩ࣯ྖ ׷ ͻͲͶǤ͹ͳ െ ͵ʹǤͲͶ ൈ ͳǤ͸ െ ͳͺǤͲʹ ൈ ͲǤͶ ൌ ͺͶ͸ ሾ ିଵሿ
ཀྵ࿨༲ྖ ׷ ͳͲͲͲܨ͵͸ͲͲܯ ݊ ൌ
ͳͲͲͲ ൈ ͻ͸ͶͺͷǤ͵͵ʹͻ
͵͸ͲͲ ൈ ͺͶͷǤͻͲ ൈ ͸ ൌ ͳͻͲ ሾ 
ିଵሿ
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 Ήͥɼ''60Q02) ͹ߑଆͳૌ੔Ͷͯ͏ͱफ़΄Ζɽਦ D͹Γ͑Ͷɼ
''60Q02)ૌ੔ࣞ >0QGWED2+@ ধܧ  ࢀࣾধܧ ۯؔ܊ 
ܲͳത  ֪ࢢఈ਼  D    E    F     ̅Ѝ  
 Ў   Џ  ˅ Ϡϩ࣯ྖ JPRO
ͺɼD ࣢๏޴Ͷฑߨ͵>0Q2+@࠱Ν GWED ഓҒࢢ͗Տڰͪ͢ࢀ࣏ݫߑଆ͹
02)Ͳ͍ΕɼഓҒ؂ڧ͹ҡ͵Ζ0Q΢Ψϱ0Q0Q0Q͗؜ΉΗͱ͏Ζɽ
0Qͺ ͯ͹ՏڰИ2+ഓҒࢢɼՏڰ GWED ഓҒࢢИ2ഓҒࢢͳഓҒ݃߻
ਦ 3-8 ਇۯף૫઴ޛ͹ 3D-DS-Mn-MOF 1 ͹ TGA (a)ͳ PXRD (b) 
















 ͯ ͹ 0Q ΢ Ψ ϱ
0Q0Q0Q ͺ ͯ͹ՏڰИ2+ഓҒࢢͶΓͮͱՏڰ͠Ηͱ͕Εɼ0Q ͳ
0Q Ν V\QV\Q ๏޴ͶՏڰ GWED ഓҒࢢ͗ɼ0Q ͳ0Q ΝՏڰ GWEDИ2
͗Տڰ͢ͱ͏Ζɽͨ ͹݃Վɼ0Q ͹ൂ໚ରͳ0Q ͹ൂ໚ରͺ௘఼Νڠ༙͢ͱ͕








>0QGWED2+@Ͷͺ  ͯ͹ 0Q΢Ψϱͳ  ͯ͹ GWED ഓҒࢢ͗؜ΉΗͱ













ਦ D͹ 7*$ͶΓΕɼ''60Q02) Ͳͺɼਇۯף૫઴ޛͶ͖͖ΚΔ







ຌݜڂͲѽͮͪ झྪ͹'602)ͺɼන  ͹Γ͑Ͷɼ༙ްۯ޺ର੷͹୉ঘ
Ͳ୉พͲ͘Ζɽͤ ͵Κͬɼ༙ ްۯ޺ର੷͹୉͘͏'602)ͳ͢ͱͺ ''6&R
02)Ҳ࣏ݫߑଆɼ''6&X02)್࣏ݫߑଆͳ ''60Q02)ࢀ࣏
ݫߑଆ֚͗౲͢ɼ༙ްۯ޺ର੷͹ঘ͠͏ '602) ͳ͢ͱͺ ''6&X02)
ͳ ''60Q02) ֚͗౲ͤΖɽΉͪɼ7*$ΝخͶܯࢋͪ͢ਇۯף૫ޛͶ͕





















1D-DS-Co-MOF 452 344 Ҳ࣏ݫ 
2D-DS-Cu-MOF 964 866 ್࣏ݫ 
3D-DS-Mn-MOF 1 960 244 ࢀ࣏ݫ 
ঘ͠͏ 
1D-DS-Cu-MOF 254 42 Ҳ࣏ݫ 















[ mAh g-1] 
1D-DS-Co-MOF 618 217 632 212 
2D-DS-Cu-MOF 372 216 431 187 
3D-DS-Mn-MOF 1 759 212 846 190 
1D-DS-Cu-MOF 999 215 1169 183 
3D-DS-Mn-MOF 2 1526 228 1526 228 
න  ߑଆదಝ௅ͶخͰ͏ͪ'602) ͹෾ྪ






੷͹ঘ͠͏ '602) ͳ͢ͱ᝹য়͹ۯ޺Ν༙ͤΖ ''6&X02) ͕Γ;༻ഖ
͗ਃ೘Ͳ͘͵͏Άʹඉ৙Ͷঘ͠͏ۯ޺͹ΊΝ༙ͤΖ ''60Q02) Ͷ෾ྪ
ͪ͢ɽ͵ ͕ɼ3;5'଎ఈΓΕɼ''6&X02)͹ߑଆ͹Ί͗ਇۯף૫ͶΓͮͱ
































ਦ  D͹ ''6&R02) ͳ GSGV ͹ &ROH&ROH ϕϫρφ͗ࣖͤΓ͑Ͷɼ
''6&R02) ͹ు՛Ңಊఏ߇ͺ GSGV ΓΕ΍ঘ͖ͮͪ͠ɽ͞Ηͺɼਜ਼ۅ஦
͹ GSGV ͹ഓ྽͗෈وଉͲ͍ΖͪΌͶϨοΤϞ΢Ψϱ͹ૢ೘ً͗͘Ͷ͚͏͹Ͷ
ଲ͢ɼ02)͹݃ধߑଆ಼ͲͺϨοΤϞ΢Ψϱ͹ૢ೘୦཯͕Γ;֨ࢆً͗͘Ώͤ
͚͵ͮͪͪΌͳߡ͓ΔΗΖɽΉͪɼਦ  E͹ &9 ͗ࣖͤΓ͑Ͷɼ γ΢έϩ
໪Ͷ͕͏ͱ ''6&R02) ͹ؒݫϒʖέͳ࢐ԿϒʖέͺɼͨΗͩΗ 9 ͳ
9 Ͳ؏଎͠Ηɼ γ΢έϩ໪Ͷ͕͏ͱୱҲ͹ؒݫϒʖέ͗ 9 Ͷ͕͏
ͱݡΔΗͪɽ͞ Ηͺɼγ΢έϩ໪͹๎ుգఖͶ͕͏ͱ ''6&R02)Ͷ؜Ή
ΗΖ GSGV ഓҒࢢ͹ 66 ݃߻͗ 9 Ͳؒݫ͠ΗͪޛɼैుգఖͲ 66 ݃߻ͳ
&R΢Ψϱ͗࢐Կ͠Ηɼγ΢έϩ໪͹๎ుգఖͲͨΗΔ͹ؒݫൕԢ͗ಋ࣎Ͷً
ͪ͘͞ͳΝࣖࠨͤΖɽΉͪɼ γ΢έϩͶ͕͜Ζ ''6&R02)͹ؒݫుླྀ
ͺ GSGV ͹༁ ഔͲ͍Ζ͞ͳ͖Δɼ02)಼΃͹ϨοΤϞ΢Ψϱ͹ૢ೘୦཯͕Γ
;֨ࢆً͗͘Ώͤ͏͞ͳͳଲԢ͢ͱ͕Εɼ γ΢έϩ໪Ͳͺ ''6&R02)
Ͷ؜ΉΗΖ GSGV ഓҒࢢ͹ 66 ݃߻͹Ί͹ؒݫൕԢɼγ΢έϩ໪Ͳͺ&R΢Ψ
ϱ΍ؒݫൕԢΝࣖͪ͢ͳߡ͓ΔΗΖɽ

















Ͳ଎ఈͪ͢ͳ͘͹ै๎ుۄતΝਦ DͶࣖͤɽ''6&R02) ͹  γ΢έ
ϩ໪Ͷ͕͏ͱͺ๎ుۄત͹ 9 ͳैుۄત͹ 9 Ͷϕϧφʖ͗؏଎
͠ΗɼP$KJ͹ుـ್॑૜༲ྖΝ؜Όͪ๎ు༲ྖ͗ಚΔΗɼγ΢έϩ໪
Ͳͺ๎ుۄત͹ 9 ෉ۛͶϕϧφʖ͗ݡΔΗɼ༲ྖͺ P$KJͲ͍Εɼॵ
غ༲ྖΓΕఁ͖ͮͪɽɽ͞Ηͺɼਦ E͹ &9 ͳଲԢ͢ͱ͕Εɼγ΢έϩ໪







P$KJ ͹ ͫͮͪ͞ͳ͖Δɼు՛Ңಊఏ߇͗߶͏ͪΌ 66 ݃߻͹࢐Կؒݫ
ൕԢ͗෈ॉ෾Ͳ͍ͮͪ͞ͳ͗ࣖࠨ͠Ηͪɽ
࣏Ͷɼ''6&R02) ͳ GSGV ୱಢͨΗͩΗ͹γ΢έϩಝ੓Νਦ EͶ
ࣖͤɽ''6&R02) Νਜ਼ۅ׈෼࣯ͳͪ͢ుஓͲͺɼγ΢έϩޛͶ͕͜Ζ
༲ྖ͗ॵغ༲ྖ͹ ͫͮͪɽ͞Ηͺɼ''6&R02) Ͷ؜ΉΗΖ 66 ݃߻
͗ै๎ుΝ܃Εศͤͪ;Ͷ֋࿀͢ɼ''6&R02)͗ుմӹͶ༻ड़ͪͪ͢Όͳ
ߡ͓ͪਦ FɽҲ๏ɼGSGV ͹༲ྖͺ  γ΢έϩͶΚͪͮͱ P$KJͲ









 Ґ৏ΓΕɼ''6&R02) ͺ  γ΢έϩ໪Ͷ͕͏ͱుླྀືౕ P$JͲ




ਦ  D͹ &ROH&ROH ϕϫρφ͗ࣖͤΓ͑Ͷɼ''6&X02) ͺ GSGV Γ
Ε΍ঘ͠͏ు՛Ңಊఏ߇Νࣖͪ͢ɽ͞Ηͺɼ Ͳ΍फ़΄ͪΓ͑Ͷɼ''6
ਦ ''6&R02)ͳ GSGV Νਜ਼ۅ׈෼࣯ͳͪ͢ుஓ͹ै๎ుۄતDͳγ΢έϩ
ಝ੓E ๎ుգఖͶ͕͜Ζ ''6&R02) ಼͹ 66 ݃߻֋࿀͹ໝࣞਦ







ΔΗΖɽΉͪɼਦ E͹ &9͗ࣖͤΓ͑Ͷɼ''6&X02) ͳ GSGV ͹ؒ
ݫϒʖέͺΆ·ಋͣుѻ 9 ͶݡΔΗɼ''6&X02)͹ؒݫϒʖέుླྀͺ
GSGV ͹༁ ഔͫͮͪɽ͞ ΗͺɼϨοΤϞ΢Ψϱ͹02)಼΃͹ૢ೘୦཯͕Γ;
֨ࢆ͗ GSGV ୱಢΓΕ΍ً͘Ώ͚ͤɼ66 ݃߻͹࢐ԿؒݫൕԢ͗਒ߨ͢Ώ͚ͤ
͵ͮͪ͞ͳΝқັͤΖɽ͠ΔͶɼ๎ుգఖͶ͕͏ͱ 9 ؔ͹ుླྀືౕ͗୉
͚͘͵ͮͱ͕Εɼ9 ؔͶ෱߁͵࢐ԿϒʖέΝ؏଎ͪ͢ɽ͞͹͞ͳ͖Δɼ





࣏Ͷɼుླྀືౕ P$JͶ͕͜Ζ ''6&X02) ͳ GSGV ͹ै๎ుۄત










ಢ͹৖߻ɼ๎ ుۄત͹ 9 Ͷ͕͜Ζϕϧφʖͺඉ৙Ͷ୻͚ɼ๎ ు༲ྖͺཀྵ࿨༲
ྖ P$KJ͹ Ͳ͍ͮͪɽΉͪɼ γ΢έϩ໪͹ैుգఖͶ͕͏ͱɼGSGV
ୱಢͲͺుѻ͗ 9 ෉ۛͲҲఈͳ͵ͮͪޛɼঅʓͶఁԾ͢ͱ͏ͪɽ͞Ηͺɼ
GSGV ͹ు՛Ңಊఏ߇͗୉͘͏ͪΌ 66 ݃߻͹࢐ԿؒݫൕԢ͗෈ॉ෾Ͳ͍Ζ͞
ͳΝࣖࠨ͢ͱ͕Εɼ߶ుѻͲͺ GSGV ͹෯ൕԢً͗ͪ͘ͳࢧΚΗΖɽ
࣏Ͷɼྈ๏͹ਜ਼ۅ׈෼࣯͹γ΢έϩಝ੓Νਦ EͶࣖͤɽ''6&X02)
Ͳͺɼ γ΢έϩޛͶ͕͜Ζ༲ྖͺ γ΢έϩ໪͹ Ͳ͍ΕɼGSGV ͹ుஓ
ಝ੓ΝրવͲͪ͘ɽ͞Ηͺɼਦ DͲ΍फ़΄ͪΓ͑Ͷɼ02)ͶૌΊࠒ΋͞ͳ
ͲɼGSGV ෯ൕԢً͗͘Ζ͞ͳ͵͚ɼՆٱద͵ै๎ుً͗ͪͪ͘Όͳߡ͓ΔΗΖɽ




Ήͪɼਦ FͶࣖͤΓ͑Ͷɼ''6&X02)Ͷ؜ΉΗΖ 66 ݃߻ͺ 9 Ͷ
͕͏ͱ֋࿀ͤΖ͗ɼΫϪʖφܗ &2 ഓҒࢢͶΓͮͱ  ࣏ݫ>&X&2@࠱ͳ͢
ͱ࢔ΖͪΌɼుۅ͖Δ༻ड़͢Ͷ͚͚͵ͮͪͳࢧΚΗΖɽ͞͹Γ͑ͶɼGSGV Ν್








లྖ͹ঘ͠͏  ИP Ͳͺఁ͏ుླྀ஍Ͳ͹଎ఈͳ͵ΕɼैుգఖͶ͕͏ͱ '
'6&X02) ͹ഓҒߑଆ͹෾մΝ൒͑࢐ԿൕԢ͗਒ߨͪ͢ͳࢧΚΗΖɽಝͶɼ

















''60Q02) ͹ు՛Ңಊఏ߇ͺ GWQD ΓΕঘ͖ͮͪ͠ɽ͞Ηͺɼ Ͳ
΍फ़΄ͪΓ͑Ͷɼ''60Q02) ಼Ͷుմ࣯΢ΨϱϨοΤϞ΢Ψϱ͕Γ;
&O2͗ૢ೘୦཯͕Γ;֨ࢆ͢Ώ͚ͤ͵ͮͪͪΌͫͳߡ͓ΔΗΖɽΉͪɼਦ 
E͹ &9͗ࣖͤΓ͑Ͷɼै ు͖Δ࢟Όͪͳ͞Θɼ''60Q02) Ͳͺ γ
΢έϩ໪͹ैుͳ๎ుգఖͲͨΗͩΗ9෉ۛͶཱིͬ৏͗Εͳ9෉ۛͶ෱
߁͵ؒݫϒʖέͳͳ΍Ͷɼుѻ 9 Ͳ GWQD ୱಢ͹༁  ഔ͹ؒݫుླྀΝ؏଎
ͪ͢ɽ͞Ηͺɼ9 ෉ۛͲ ''60Q02) Ͷ؜ΉΗΖ0Q΢Ψϱ͗࢐Կ
͠Ηͪޛ 9 Ͳؒݫ͠Ηͪ͞ͳΝࣖࠨ͢ͱ͏ΖɽΉͪɼ9 Ͷ͕͜Ζؒݫϒ
ʖέͺ GWQD ഓҒࢢ͹ 66 ݃߻͹ؒݫൕԢΝࣖ͢ͱ͕Εɼ02)಼΃͹ుմ࣯΢
Ψϱ͹ૢ೘୦཯͕Γ;֨ࢆ͗GWQDୱಢΓΕ΍ً͘Ώ͚ͤ͵ͮͪͳߡ͓ΔΗΖɽ
Ґ৏ΓΕɼGWQD ΝഓҒࢢͳ͢ͱ0Q΢ΨϱΝ؜΋02)ͶૌΊࠒ΋͞ͳͲɼు




՛Ңಊఏ߇͹ఁԾ͕Γ; 66 ݃߻ͳ 0Q ΢Ψϱྈ๏͹࢐ԿؒݫൕԢً͗ͪ͘͞
ͳ͗ࣖࠨ͠Ηͪɽ͞ΗΓΕɼ''60Q02) ͹ै๎ు଎ఈΝుѻ 9
Ͳݗ౾ͪ͢ɽ
࣏Ͷɼుླྀືౕ P$JͶ͕͜Ζ ''60Q02) ͳ GWQD ͹ै๎ుۄ
તΝਦ DͶࣖͤɽ''60Q02) Ͳͺɼैు͖Δ࢟Όͪͳ͞Θɼ ෉
ۛͶϕϧφʖ͗؏଎͠ΗͪɽΉͪɼ๎ుգఖͲͺ 9 ෉ۛͳ 9 Ͷ͕͜Ζ؉
Ώ͖͵ۄતͳௗ͏ϕϧφʖ͗؏଎͠Ηɼॵغ༲ྖ P$KJ͕Γ; γ΢έϩ
໪Ͷ͕͏ͱ࠹୉͹༲ྖ P$KJΝࣖͪ͢ɽ͞ΗΔ͹ϕϧφʖ͗؏଎͠Ηͪ
ుѻͺਦ E͹ &9ͳଲԢ͢ͱ͕Εɼ9 Ͷ͖͜ͱ0Q΢Ψϱɼ ͕
Γ; 9 Ͷ͕͏ͱ 66 ݃߻͹࢐ԿؒݫൕԢً͗ͪ͘͞ͳΝࣖࠨͤΖɽΉͪɼै
ుգఖͳ๎ుգఖͶ͕͏ͱ෾ۅ͗ਫ਼ͣͱ͏Ζ͹ͺɼ6/LH→/L6͹ൕ
ԢͶ͕͜Ζϛτϱεϡϩ্ป>@͹ͪΌͫͳࢧΚΗΖɽҲ๏ɼGWQD ୱಢ͹৖߻ɼ
࠹୉͹༲ྖͺ P$KJͲ͍Εɼཀྵ࿨༲ྖ P$KJ͹ ͫͮͪɽ͞Η
ͺɼGWQD ͹ు՛Ңಊఏ߇͗୉͚͘ɼ66 ݃߻͹࢐ԿؒݫൕԢ͗෈ॉ෾Ͳ͍ͮͪ
ͪΌͳߡ͓ΔΗΖɽ
କ͏ͱɼਦ  EͶ ''60Q02) ͳ GWQD ͹γ΢έϩಝ੓Νࣖͤɽ
''60Q02) ͹༲ྖͺ GWQD ΓΕ΍୉͚͘ɼ γ΢έϩ໪Ͷ͕͜Ζ༲ྖ
ͺ γ΢έϩ໪͹ ͫͮͪɽ͞ΗͺɼGWQD ΓΕ΍ ''60Q02) ಼Ͳ
͹ుմ࣯΢Ψϱ͹ૢ೘୦཯͕Γ;֨ࢆ͗ՆٱͶ਒ߨ͢Ώ͚ͤɼࢀ࣏ݫߑଆΝ΍










 Ґ৏ΓΕɼ''60Q02) ͺɼGWQD ୱಢΓΕ΍߶͏ుـԿָಝ੓Νࣖ͢ɼ





ਦ ''60Q02) ͳ GWQD ͹ै๎ుۄત Dͳγ΢έϩಝ੓ E





ਦ D͹ &ROH&ROH ϕϫρφ͗ࣖͤΓ͑Ͷɼ''6&X02) ͹ు՛Ңಊ
ఏ߇ͺ GSGV ΓΕঘ͚͠ɼϨοΤϞ΢Ψϱ͹֨ࢆً͗͘Ώ͚ͤ͵ͮͪͳߡ͓Δ
ΗΖɽΉͪɼਦ E͹ &9͗ࣖͤΓ͑Ͷɼ''6&X02)Ͳͺ 9 ͳ 
9 Ͷ͕͏ͱؒݫϒʖέ͗؏଎͠Ηͪɽ͞ ΗΔ͹ϒʖέుླྀͺɼͨ ΗͩΗ GSGV ഓ




ͫͮͪͪΌͳߡ͓ΔΗΖɽ͵ ͕ɼ''6&X02)͹ै๎ు଎ఈͺɼਦ  ΓΕ
66 ݃߻ͳ&X΢Ψϱ͹࢐ԿؒݫൕԢ͗ࣖࠨ͠Ηͪుѻ 9 Ͳݗ౾ͪ͢ɽ
࣏Ͷɼుླྀືౕ P$JͶ͕͜Ζ ''6&X02) ͳ GSGV ͹ै๎ుۄત
ਦ D͗ࣖͤΓ͑Ͷɼ''6&X02)Ͳͺɼ9 ͳ 9 Ͷ͕͏ͱϕϧ
φʖ͗؏଎͠Ηͪɽ͞ΗΔ͹ుѻͺɼਦ D͹ &9ͳଲԢ͢ͱ͕Εɼ&X΢Ψ
ϱͳ GSGV ͹࢐ԿؒݫൕԢΝࣖࠨͤΖɽ͖͢͢ɼʹͬΔ͹ϕϧφʖ΍ඉ৙Ͷ୻
͚ɼ࠹୉༲ྖͺ  γ΢έϩͶ͕͜Ζ P$KJͲ͍ΕɼGSGV ୱಢΓΕ΍ঘ
͖ͮͪ͠ɽ͞Ηͺɼΰηφ&+&O͗ۯ޺͹୉෨෾ΝઐΌͱ͏ΖͪΌͶɼૢ೘Ն
೵͵ϨοΤϞ΢Ψϱ͹਼͗ঙ͵͚ɼ࢐ԿؒݫൕԢ͗ΆͳΞʹً͘͵͖ͮͪͪΌ
ͳߡ͓ΔΗΖɽ͵͕ɼਦ  E͹γ΢έϩಝ੓Ͷࣖ͠Ηͱ͏ΖΓ͑Ͷɼ γ









Ζͳߡ͓ΔΗΖɽ͞͹Γ͑Ͷɼ''6&X02) ͲͺɼՏڰ GSGV ഓҒࢢ͹ 6
6 ݃߻ͳ&X΢Ψϱ͹࢐ԿؒݫൕԢ͗෈ॉ෾Ͳ͍Ζ͞ͳ͗ࣖࠨ͠ΗͪɽΉͪɼఁ
͏ుླྀືౕͲ͹ै๎ు଎ఈͶΓΕै๎ుްི͗ఁ͏͞ͳ΍෾͖ͮͪɽ
Ґ৏ΓΕɼ''6&X02)ͺɼ&X ΢ΨϱͳζηϩϓΡχഓҒࢢ GSGV ͹࢐
ԿؒݫൕԢ͗ΆͳΞʹً͞Δ͵͏͞ͳ͗ࣖࠨ͠ΗͪɽΉͪɼుླྀືౕ P$J
Ͳ͹ γ΢έϩ໪͹༲ྖͺɼཀྵ࿨༲ྖ P$KJ͹ Ͳ͍ΕɼGSGV ୱಢΓ
Ε΍ుـԿָಝ੓͗྾Ζ͞ͳ͗Κ͖ͮͪɽ






ਦ D͹ &ROH&ROH ϕϫρφ͗ࣖͤΓ͑Ͷɼ''60Q02) ͺɼGWED
ୱಢΓΕঘ͠͏ు՛Ңಊఏ߇Νࣖͪ͢ɽΉͪɼਦ E͹ &9 ͗ࣖͤΓ͑Ͷɼ
''60Q02) Ͳͺ 9 Ͷ͕͏ͱؒݫϒʖέ͗؏଎͠Ηͪ͗ɼͨ͹ుླྀ
ͺ GWED ୱಢΓΕঘ͖ͮͪ͠ɽ͞ Ηͺɼۯ޺ର੷͗ඉ৙Ͷঘ͠͏ͪΌૢ೘Ն೵͵
ϨοΤϞ΢Ψϱ͹਼͗ඉ৙Ͷঙ͵͚ɼ࢐ԿؒݫൕԢ͗ΆͳΞʹً͘͵͖ͮͪ͞
ͳΝࣖࠨͤΖɽ͠ΔͶɼ࢐Կؒݫϒʖέ͗  ͳ 9 ͹ ଲ͖͢؏଎͠Η͵͖
ͮͪ͞ͳ͖ΔɼϨοΤϞ΢Ψϱ΢Ψϱൔܚ  ̅>@ΓΕ΍୉͘͏&O2΢Ψ
ϱൔܚ  ̅>@͹ૢ೘୦཯ͶΓΖ0Q΢Ψϱ͹࢐ԿؒݫൕԢͺɼΉً͚ͮͪ
͘͵͖ͮͪ͞ͳ΍ࣖࠨ͠Ηͪɽ͞͞Ͳͺɼుѻ 9 Ͳ  γ΢έϩͶ͕͜
Ζ &9 ۄતͺΆ·Ҳ஗͢ͱ͏ͪͪΌɼ͞͹ుѻ൥ҕͲ ''60Q02) ͹࢐
ԿؒݫൕԢ͗ՆٱͲ͍Ζͳߡ͓ɼ''60Q02) ͹ै๎ు଎ఈΝ͞͹ుѻ
൥ҕͲݗ౾ͪ͢ɽ





ͮͪ͞ͳΝࣖࠨͤΖɽҲ๏ɼGWED ୱಢͲͺɼ๎ుۄત͹ 9 ෉ۛͶ͕͜Ζร
ਦ''60Q02)ͳ GWED͹&ROH&ROH ϕϫρφ Dͳ&9E


ۄ఼ͳॵغ༲ྖ P$KJཀྵ࿨༲ྖ P$KJ͹ ΓΕɼ66 ݃߻͹ؒ
ݫൕԢً͗ͪ͘ͳߡ͓ΔΗΖɽ












ਦ ''60Q02) ͳ GWED ͹ै๎ుۄત Dͳγ΢έϩಝ੓ E
ుླྀືౕ P$JͶ͕͜Ζ ''60Q02) ͹ै๎ుۄત Fͳγ΢έϩಝ੓ G


Ґ৏ΓΕɼ''60Q02) ͺɼ0Q΢ΨϱͳζηϩϓΡχഓҒࢢ GWED ͹
࢐ԿؒݫൕԢ͗Ά·ً͘͵͖ͮͪͪΌɼGWED ୱಢΓΕ΍ుـԿָಝ੓͗྾Ζ͞


















Ώͤ͏ ''6&X02)ͳۯ޺Ͷଡ͚͹ΰηφ͗࢔ͮͱ͏ͪ ''602) Ͳ
ͺɼుླྀືౕ͗୉͘͏Άʹ༲ྖ͹࠹୉͗ಚΔΗΖγ΢έϩ਼͗ଡ͚͵ͮͪɽ͞ Η
ͺɼ୻࣎ؔ͹ै๎ుͲͺϨοΤϞ΢Ψϱ͹ૢ೘ً͗͞ΕͶ͚͏ͪΌͳࢧΚΗΖɽ































න  ֦ '602) ͳഓҒࢢୱಢ͹ుஓ༲ྖ
න  ֦ '602) ͹࣏ݫ੓ͳγ΢έϩಝ੓






















Ϗνʖϱͺै๎ు઴͹΍͹ͳҲ஗ͪ͢ɽ͞ ΗΓΕɼै ๎ుգఖͶ͕͏ͱ ''6
&R02) ͹ߑଆรԿͺՆٱͲ͍Ζ͞ͳ͗Κ͖ͮͪɽҐ৏͹յ઄Ϗνʖϱ͹รԿ
Ͷͯ͏ͱɼ໚༟པ͹յ઄ͶଲԢͤΖ ˅Ͷ͕͜Ζյ઄ϒʖέ͹Ғ஖Ͳݗ
౾ͪ͢ɽਦ  ͶࣖͤΓ͑Ͷɼ໚ͺ 66 ݃߻Ν௪ͮͱ͕Εɼ͞Η͗ 66 ݃






࣏Ͷɼै๎ుգఖͶ͕͜Ζ ''6&R02) ͹ &R ΢Ψϱ͹Ճ਼รԿͶͯ͏
ͱफ़΄Ζɽਦ D͹ &R.HGJH;$)6 ηϘέφϩ͗ࣖͤΓ͑Ͷɼै๎ు઴Ͳ
ͺ H9 Ͷ͕͏ͱΦρζζϡϱϕ͗؏଎͠Ηͪɽ͞ΗΓΕɼH9 ͹೘ࣻ
; તͶΓͮͱ &R ΢Ψϱ͹ుࢢ͗ V ٌಕ͖Δ S ٌಕ΃યҢͪ͢͞ͳ͗ࣖࠨ͠
Ηͪɽ๎ుޛͲͺ H9 ͶϕϨΦρζ͗؏଎͠Ηͪ͗ɼैుޛͺ͞͹ϕϨΦ
ρζ͗؏଎͠Η͵͚͵Ζͳಋ࣎ͶɼΦρζζϡϱϕ͗ H9 Ͷ͕͏ͱ؏଎͠
Ηͪɽ͞Ηͺɼ๎ుգఖͲ ''6&R02) Ͷ؜ΉΗΖ 66 ݃߻͹֋࿀ͶΓͮ
ͱ ''6&R02) Ͷ؜ΉΗΖ &R ΢ΨϱबΕ͹ଲস੓͗รԿͪ͢͞ͳͶΓͮ
ͱ V ٌಕ͖Δ G ٌಕ΃͹ుࢢયҢ͗ڒ༲Ͷ͵ͮͪ͞ͳΝқັ͢ɼैుգఖͲ
ͺ 66 ݃߻͗࠸;ܙ੔͠Ηͪ͞ͳͲै๎ు઴͹ ''6&R02) ͳಋͣଲস੓





















ు઴Ͷ͕͜Ζ ''6&R02) Ͷ؜ΉΗΖ &R ΢Ψϱ͹Ճ਼ͺ Ͳ͍Ζ͞ͳ͗
ࣖࠨ͠Ηͪɽಋ༹Ͷ͢ͱɼ/L&R2ͳैుޛͶ͕͜Ζ ''6&R02)͹Φρζ
ζϡϱϕ͗  ͳ͵ΖΦϋϩάʖ͗Ҳ஗͢ͱ͏ͪͪΌɼै ుޛͶ͕͜Ζ ''6
&R02)Ͷ؜ΉΗΖ&R ΢Ψϱ͹Ճ਼͗ Ͳ͍Ζ͞ͳ͗෾͖ͮͪɽକ͏ͱɼਦ
 FͶ ''6&R02) ͹ै๎ుգఖͶ͕͜ΖϓʖϨΦร׷ޛ͹ (;$)6 Ν
ࣖͤɽै ๎ు઴Ͷ͕͜Ζ ''6&R02)Ͳ؏଎͠Ηͪ  ̅Ͷ؏଎͠Ηͪϒ




















߶ηϒϱ &R ͹Ճ਼͗ G͖Δ GͶรԿͤΖգఖͺɼΦϋϩάʖ͹ఁ͏
WJٌಕ͹ుࢢ਼รԿͶଲԢ͢ͱ͕Εɼ-DKQ7HOOHU ްՎً͗͘͵͖ͮͪͪΌͳ༩
૟͠ΗΖɽΉͪɼഓҒߑଆ͹ۋҲ੓Ͷؖ͢ͱͺɼ&R΢Ψϱ͹Ճ਼รԿͶΓͮͱ
&R΢ΨϱͳՏڰ GSGV ഓҒࢢ͹݃߻ֱ͗รԿ͢ɼൂ ໚ରߑଆ͹࿬Ί͗մভ͠Η
ͪͪΌͳࢧΚΗΖɽҐ৏ΓΕɼ''6&R02) Ͳͺɼै๎ుգఖͶ͕͏ͱ &R











6 ݃߻͹О͖Δ V ٌಕ
О66䊻V  H9
͕Γ; 6& ݃߻͹О͖Δ V ٌಕО6&䊻VH9΃͹ుࢢયҢͶ༟པ
ͤΖܮޭΝқັ͢ͱ͏Ζɽ๎ుޛͲͺО66䊻V Ͷؾ଒͠ΗΖϒʖέ͗؏଎




ਦ ''6&R02) ͹ H[VLWX6.HGJH;$)6D
͕Γ;ϓʖϨΦร׷ޛ͹ (;$)6 ηϘέφϩ E


գఖͶ͕͜Ζ ''6&R02) ͹ϓʖϨΦร׷ޛ͹ 6.HGJH(;$)6 Νਦ 
EͶࣖͤɽै๎ు઴͹  ̅ͶݡΔΗͪϒʖέͺɼՏڰ GSGV ഓҒࢢͶ؜Ή
ΗΖ 66  ̅ͳ 6& ̅͕Γ; 1&6 ୱ࠴ഓҒࢢ͹ 6& ̅͗
॑͵ͮͱ͏Ζͳߡ͓ΔΗΖɽ๎ుգఖͲͺ  ̅ͳ  ̅Ͷϒʖέ͗؏଎͠
Ηɼै ుգఖͲͺ  ̅Ͷ࠸;ϒʖέ͗ݡΔΗɼै ๎ు઴ͳҲ஗ͪ͢ɽ͞ Ηͺɼ
๎ుգఖͲͺ66݃߻͹֋࿀ͶΓΖོԭོԭؔړ཯ͳుـԿָదͶ෈׈੓͵6
& ݃߻͗ಋ࣎Ͷ؏଎͠ΗɼैుգఖͲ 66 ݃߻͹࠸ܙ੔ͶΓͮͱོԭོԭؔړ
཯͗ै๎ు઴ͳ౵͚͢͵ͮͪ͞ͳΝࣖࠨͤΖɽ
Ґ৏͹ 3;5'ͳ &R ͕Γ; 6.HGJH;$)6 ଎ఈ݃ՎΝخͶɼ''6&R02)
͹ै๎ుൕԢؽߑΝਦ  ͹Γ͑Ͷߡࡱͪ͢ɽ͞ ͹Γ͑Ͷɼ''6&R02)Ͳ
ͺ &R ΢Ψϱͳ 66 ݃߻͗Նٱ͵࢐ԿؒݫൕԢΝࣖ͢ɼుـԿָ଎ఈ͹݃ՎͳҲ
஗ͤΖ͞ͳ͗Κ͖ͮͪɽ
''6&X02)
''6&X02) ͹ H[ VLWX3;5'















࣏Ͷɼै๎ుգఖͶ͕͜Ζ ''6&X02) ͹ &X ΢Ψϱ͹Ճ਼รԿͶͯ͏
ͱफ़΄Ζɽਦ D͹ &X.HGJH;$1(6 ͗ࣖͤΓ͑Ͷɼै๎ు઴Ͳͺ H9
Ͷ͕͏ͱϕϨΦρζͳ H9 Ͷ͖͜ͱΦρζζϡϱϕ͗؏଎͠Ηͪɽ͞
͹ϕϨΦρζͺ Gుࢢഓ஖ɼͤ͵Κͬ &X΢Ψϱಝ༙͹ -DKQ7HOOHU ͽͥΊͶ
ΓΖൂ໚ରଲস੓͹ఁԾΝқັ͢ͱ͕ΕɼH9 ͹೘ࣻ ; તͶΓͮͱ &X ΢
Ψϱ͹ుࢢ͗ V ٌಕ͖Δ G ٌಕ΃યҢͪ͢͞ͳΝࣖࠨͤΖɽ๎ుޛͲͺ 
H9 ͹ϕϨΦρζ͗؏଎͠Η͵͚͵Ζͳಋ࣎ͶɼH9 Ͷεϥϩξʖϒʖέ͗
؏଎͠ΗɼैుޛͲͺ H9 ͶϕϨΦρζΝ൒͑ηϘέφϩ͗؏଎͠Ηɼै
๎ు઴͹΍͹ͳҲ஗ͪ͢ɽ͞Ηͺɼ๎ుգఖͲ&X΢Ψϱ͹ Gుࢢ͗  ݺͶ͵
ͮͪ͞ͳͲ -DKQ7HOOHU ͽͥΊ͗մভ͠ΗɼV ٌಕ͖Δ G ٌಕ΃͹ుࢢયҢ͗





άʖͲै๎ుգఖͶ͕͜Ζ ''6&X02) Ͷ؜ΉΗΖ &X ΢Ψϱ͹Ճ਼รԿ
Νݗ౾ͪ͢ɽै๎ు઴ͳैుޛ͹ ''6&X02) ͹ϕϨΦρζ͹Φϋϩάʖ
ͺͨΗͩΗ H9 Ͳ͍Εɼඬ६γϱϕϩ&X2͹ͨΗͳҲ஗ͪ͢ɽͯΉΕɼै
๎ు઴͕Γ;ैుޛͶ͕͜Ζ ''6&X02) Ͷ؜ΉΗΖ &X ΢Ψϱ͹Ճ਼ͺ
Ͳ͍Ζ͞ͳ͗෾͖ͮͪɽΉͪɼ๎ుޛ͹ ''6&X02) ͹εϥϩξʖϒʖ
έ͹ΦϋϩάʖH9 ͗ඬ६γϱϕϩ&X2 ͹ͨΗͳҲ஗͢ͱ͕Εɼ๎ ుޛͶ
͕͜Ζ ''6&X02)Ͷ؜ΉΗΖ&X΢Ψϱ͹Ճ਼ͺ Ͳ͍Ζ͞ͳ͗෾͖ͮ
ͪɽକ͏ͱɼਦ FͶ ''6&X02) ͹ै๎ుգఖͶ͕͜ΖϓʖϨΦร׷


ޛ͹ (;$)6 Νࣖͤɽै๎ు઴Ͷ͕͜Ζ  ̅͹ϒʖέͺɼΦΩφϨΠϩҒ͹
Տڰ GSGV ഓҒࢢͳ͹ &X1 ̅ͳΫϪʖφܗ &2 ഓҒࢢͳ͹ &X2
 ̅͗॑͵ͮͪ΍͹Ͳ͍Εɼ ̅͹ϒʖέͺɼΠΫεϡϩҒ͹ΫϪʖφ
ܗ&2ഓҒࢢͳ͹&X2 ̅Ͷؾ଒͠ΗΖͳࢧΚΗΖɽ๎ ుޛͲͺ͞͹ϒ
ʖέ͗  ̅ΉͲௗړ཯ଈͶεϓφ͢ɼैుޛ͹ (;$)6 ηϘέφϩͺै๎ు
઴͹΍͹ͳҲ஗ͪ͢ɽ͞Ηͺɼ๎ుգఖͲ &X ΢Ψϱ͹ ͖Δ ΃͹Ճ਼ร
Կɼͤ͵Κͬ G ుࢢ͗  ݺ͖Δ  ݺ΃รԿͤΖ͞ͳͲɼ-DKQ7HOOHU ͽͥΊ͗
մভ͠Ηͪ͞ͳΝࣖࠨͤΖɽͯΉΕɼ&X΢Ψϱ͹ؒݫൕԢͶ൒͏ɼਦ G͹
Γ͑͵ G ٌಕ͹෾࿀ً͗͘ɼਦ H͹Γ͑ͶΠΫεϡϩҒ͹  ͯ͹ &X2 ͗
୻ړ཯ଈ΃ɼΦΩφϨΠϩҒ͹  ͯ͹ &X2 ͳ &X1 ͗ௗړ཯ଈ΃εϓφͪ͢
ͪΌͳߡ͓ΔΗΖɽ๎ ుգఖͲͺ&X΢Ψϱ͹Ճ਼͗ ͖Δ ͶรԿ͢ɼ-DKQ
7HOOHU ްՎ͗࠸;ًͪ͘͞ͳ͗ࣖࠨ͠ΗͪɽҐ৏ΓΕɼ''6&X02) Ͳͺɼ




 ͠ΔͶɼै๎ుգఖͶ͕͜Ζ ''6&X02)͹ 6.HGJH;$1(6 Νਦ 
DͶࣖͤɽΉͥɼै๎ు઴Ͳͺɼຌহ͹˒ Ͳ΍फ़΄ͪΓ͑ͶɼH9 Ͷ




Ηͺɼ๎ుգఖͶ͕͏ͱ ''6&X02) Ͷ؜ΉΗΖ 66 ݃߻͹֋࿀͕Γ; 6
/L ݃߻͹ܙ੔ً͗͘>@ɼै ుգఖͲ 66݃߻͗࠸;ܙ੔͠Ηͪ͞ͳΝࣖࠨͤΖɽ
Ҳ๏ɼGSGV Ͳͺɼਦ E͹ 6.HGJH;$)6 ηϘέφϩͶࣖ͠ΗΖΓ͑Ͷɼ
ਦ ''6&X02) ͹ H[VLWX γϱϕϩDͳ &X ඬ६γϱϕϩE͹ &X.HGJH;$)6 ͕



















ै๎ు઴Ͷ͕͜Ζ  ̅͹ϒʖέͺɼՏڰ GSGV ഓҒࢢ͹ 66  ̅ͳ 6
& ̅͗॑͵ͮͱ͏ΖͳࢧΚΗΖɽΉͪɼ6͹ుࢢືౕ͹๏͗୉͘͏ͪΌɼ
͞͹ϒʖέ͹क੔෾ͺ 66 ݃߻Ͳ͍Ζͳߡ͓ΔΗΖɽ๎ ుգఖͲͺ  ̅Ͷϒ
ʖέ͗ݡΔΗɼै ుգఖͲͺै๎ు઴ͳҲ஗ͤΖηϘέφϩ͗ಚΔΗͪɽ͞ Ηͺɼ
๎ుգఖͲ 66 ݃߻͗֋࿀ͪ͢ޛɼैుգఖͲ 66 ݃߻͗࠸;ܙ੔͠Ηͪ͞ͳ
ΝࣖࠨͤΖɽ
Ґ৏͹ 3;5'ͳ &X ͕Γ; 6.HGJH;$)6 ଎ఈ݃ՎΝخͶɼ''6&X02)
͹ै๎ుൕԢؽߑΝਦ  ͹Γ͑Ͷߡࡱͪ͢ɽ͞ ͹Γ͑Ͷɼ''6&X02)Ͳ




02)Dͳ GSGV ͹ H[
VLWX6.HGJH;$)6D
͕ Γ ; ''6&X
02) ͹ϓʖϨΦร׷






































; તͶΓͮͱ V ٌಕ͖Δ G ٌಕ΃યҢͪ͢͞ͳΝқັ͢ͱ͕ΕɼΦρζζϡ









کౕ͗  ͳ͵ΖΦϋϩάʖΝ༽͏ͪɽΉͥͺɼ''60Q02) ͹ै๎ు઴
ਦ ''60Q02) ͹ H[ VLWX γϱϕϩDͳ 0Q ඬ६γϱϕ
ϩE͹ 0Q.HGJH;$)6 ͕Γ;ϓʖϨΦร׷ޛ͹ (;$)6 ηϘέφ





H9 Ͳ͍Εɼਦ EͶࣖͤΓ͑Ͷɼඬ६γϱϕϩ 0Q2 ͹ΦϋϩάʖͳҲ஗
ͪ͢ɽͯΉΕɼै๎ు઴ͳ๎ుޛͶ͕͜Ζ ''60Q02) Ͷ؜ΉΗΖ 0Q
΢Ψϱ͹Ճ਼ͺͲ͍Ζ͞ͳ͗ࣖࠨ͠ΗͪɽҲ๏ɼैుޛ͕Γ;࠸ैుޛͶ͕
͜Ζ ''60Q02) ͹Φρζζϡϱϕ͹کౕ͗  ͳ͵ΖΦϋϩάʖͺ
H9 Ͳ͍Εɼ0Q2ͳ 0Q2 ͹Φϋϩάʖ͹஦ؔͶҒ஖͢ͱ͏ͪɽ͞ΗΓ
Εɼै ుޛ͕Γ;࠸ैుޛͶ͕͏ͱͺɼ''60Q02) Ͷ؜ΉΗΖ0Q΢Ψ
ϱ͹Ճ਼ͺ ͖Δ ͹ؔͲ͍Ζ͞ͳ͗ࣖࠨ͠Ηͪɽ͞Ηͺɼਜ਼ۅ׈෼࣯ͳ͢
ͪ ''60Q02) ͹ۯ޺Ͷΰηφ͗࢔ͮͱ͕Εɼͤ ΄ͱ͹0Q΢ΨϱΝ࢐
ԿͤΖ͹Ͷචགྷ͵ &O2͗ ''60Q02) Ͷૢ೘Ͳ͘͵͖ͮͪͪΌͳߡ͓
ΔΗΖɽକ͏ͱɼਦ  FͶ ''60Q02) ͹ै๎ుգఖͶ͕͜Ζϓʖ
ϨΦร׷ޛ͹ (;$)6 Νࣖͤɽै ๎ు઴Ͷ͕͜Ζ  ̅͹ϒʖέͺɼՏڰ GWQD




͹ϒʖέ͗؏଎͠Ηͪɽ͞ΗͺɼैుգఖͲ 0Q ΢Ψϱ͹ ͖Δ ΃͹Ճ਼
รԿɼͤ͵Κͬ Gుࢢ͗ ݺ͖Δ ݺ΃รԿͤΖ͞ͳͲɼ-DKQ7HOOHU ްՎً͗
ͪ͘͞ͳΝࣖࠨͤΖɽͯΉΕɼ0Q΢Ψϱ͹࢐ԿൕԢͶ൒͏ɼਦ G͹Γ͑
͵ G ٌಕ͹෾࿀ً͗͘ɼਦ H͹Γ͑ͶΠΫεϡϩҒ͹  ͯ͹ 0Q2 ͗ௗ
ړ཯ଈ΃ɼΦΩφϨΠϩҒ͹  ͯ͹0Q2 ͗୻ړ཯ଈ΃εϓφͪͪ͢Όͳߡ͓
ΔΗΖɽ๎ుգఖͲͺ0Q ΢Ψϱ͹Ճ਼͗ ͖Δ ͶรԿ͢ɼ-DKQ7HOOHU ް
Վ͗մভ͠Ηͪ͞ͳ͗ࣖࠨ͠ΗͪɽҐ৏ΓΕɼ''60Q02) Ͳͺɼै๎ు
գఖͶ͕͏ͱҲ෨͹ 0Q ΢Ψϱ͹Ճ਼รԿͺ ͖Δ ΉͲՆٱͶً͘ɼͨΗ
Ͷ൒͏0Q΢Ψϱ͹ۃॶߑଆรԿ΍ՆٱͲ͍Ζ͞ͳ͗Κ͖ͮͪɽ














Ҳ஗ͪ͢ɽ͞Ηͺɼ๎ుգఖͶ͕͏ͱ ''60Q02) Ͷ؜ΉΗΖ 66 ݃߻
͹Ҳ෨͹Ί͗֋࿀͢ɼैుգఖͲ 66 ݃߻͗࠸;ܙ੔͠Ηͪ͞ͳΝқັͤΖɽ
ΉͪɼϓʖϨΦร׷ޛ͹ 6.HGJH(;$)6ਦ EͶࣖͪ͢Γ͑Ͷɼै๎ు
઴Ͷ͕͏ͱ  ̅Ͷϒʖέ͗؏଎͠Ηͪɽ͞ΗͺɼՏڰ GWQD ഓҒࢢ͹ 66
 ̅ͳ 6& ̅͗॑͵ͮͪ΍͹Ͳ͍Εɼ6͹ుࢢືౕ͹๏͗୉͘͏ͪ
Όɼ͞͹ϒʖέ͹क੔෾ͺ 66 ݃߻Ͳ͍Ζͳߡ͓ΔΗΖɽ๎ుգఖͲͺ  ̅
͹ϒʖέکౕ͗ఁԾ͢ɼैుޛͶͺै๎ు઴ͳҲ஗ͤΖηϘέφϩ͗ಚΔΗͪɽ
͞Ηͺɼ๎ుգఖͲҲ෨͹ 66 ݃߻͗֋࿀ͪ͢ޛɼैుգఖͲ 66 ݃߻͗࠸;
ܙ੔͠Ηͪ͞ͳΝࣖͤɽҐ৏͹݃Վͺɼै๎ు଎ఈͶ͕͏ͱ 66 ݃߻͗Γ͏γ
΢έϩಝ੓Νࣖͪ͢͞ͳͳҲ஗ͤΖɽ
Ґ৏͹ 3;5'ͳ0Q.HGJH;$)6 ଎ఈ݃ՎΝخͶɼ''60Q02) ͹ै
๎ుൕԢؽߑΝਦ  ͹Γ͑Ͷߡࡱͪ͢ɽΉͥɼैుգఖͲۯ޺Ͷ &O2΢Ψ
ϱ͗ૢ೘͠ΗΖͳಋ࣎ͶҲ෨͹ 0Q͗ 0Q ͳ͵Εɼ๎ుգఖͲͺ &O2΢Ψ
ϱ͗୦཯ͪ͢ޛɼҲ෨͹ 66 ݃߻͗֋࿀ͪ͢͞ͳͲɼ್࣏٘ݫ࠱ߑଆͶ͵Ζͳ
ࢧΚΗΖɽ͞ΗΓΕɼుմӹͶΆͳΞʹ༻ड़ͦͥɼ''60Q02) Ͳͺ0Q
ਦ ''60Q02) ͹ H[VLWX6.HGJH;$)6










































ԿͺՆٱదͲ͍Ζ΍͹͹ɼΰηφ &+&O ͗ۯ޺Νઐ༙͢ͱ͏ͪͪΌɼ&X ΢Ψ
ϱ͕Γ; 66 ݃߻͹࢐ԿؒݫൕԢ͗ΆͳΞʹً͞ΔͥɼߑଆรԿ͗Κ͖͖ͥ͢
ً͘͵͖ͮͪ͞ͳ͗ࣖࠨ͠Ηͪɽ
࣏Ͷɼै๎ుգఖͶ͕͜Ζ ''6&X02) ͹ &X ΢Ψϱ͹Ճ਼รԿͶͯ͏
ͱफ़΄Ζɽਦ D͹ &X.HGJH;$1(6 ͗ࣖͤΓ͑Ͷɼै๎ు઴Ͳͺ 
H9 ͶϕϨΦρζͳ H9 Ͷ͖͜ͱΦρζζϡϱϕ͗؏଎͠Ηͪɽ͞͹
ϕϨΦρζͺඬ६γϱϕϩ &X2ਦ E͹ΦϋϩάʖͳҲ஗ͪͪ͢Όɼै
๎ు઴Ͳͺ ''6&X02)Ͷ؜ΉΗΖ&X΢Ψϱ͹Ճ਼ͺ Ͳ͍Ζ͞ͳ͗෾





ͺϨοΤϞ΢Ψϱ͹୦཯ͶΓΕ࠸; &X ΢Ψϱ͹Ճ਼͗ ͶรԿͪ͢͞ͳΝࣖ
ਦ''6&X02)͹















 ̅ Տڰ GSGV ഓҒࢢ





&X02) Ͳͺɼै๎ుգఖͶ͕͏ͱ &X ΢Ψϱ͹࢐ԿؒݫൕԢ͗ΆͳΞʹً͘
͵͖ͮͪ͞ͳ͗Κ͖ͮͪɽ
͠ΔͶɼै๎ుգఖͶ͕͜Ζ ''6&X02)͹ 6.HGJH;$1(6 Νਦ 
DͶࣖͤɽै๎ు઴Ͳͺɼຌহ͹˒ Ͳ΍फ़΄ͪΓ͑ͶɼH9 Ͷ͕͏ͱ
66 ݃߻͹О͖Δ V ٌಕО66䊻VH9͕Γ; H9 Ͷ͕͏ͱ 6
& ݃߻͹О͖Δ V ٌಕО6&䊻V΃͹ుࢢયҢͶ༟པͤΖϒʖέ͗؏଎
͠Ηͪɽ͖͢͢ɼ๎ుޛͶ͕͏ͱ΍ H9 Ͷ͕͜Ζϒʖέ͗؏଎͠Ηͪɽ͵
͕ɼै ుޛͺै๎ు઴ͳҲ஗ͤΖηϘέφϩ͗ಚΔΗͪɽ͞ Ηͺɼै ๎ుգఖͶ
͕͏ͱ ''6&X02) ͹ 66 ݃߻͹֋࿀͗ΆͳΞʹً͘ͱ͏͵͏͞ͳΝқັ
͢ͱ͕Εɼΰηφ&+&O͹ઐ༙ͶΓͮͱۯ޺ର੷͗ঘ͠͏ͪΌϨοΤϞ΢Ψϱ
͹ૢ೘Ν൒͑66݃߻͹ؒݫൕԢ͍͗ΉΕ਒ߨ͢͵͖ͮͪͪΌͫͳߡ͓ΔΗΖɽ
Ήͪɼਦ EͶࣖͤΓ͑ͶɼϓʖϨΦร׷ޛ͹ (;$)6 ΍ै๎ుգఖͲ෈ร
ਦ ''6&X02) ͹ H[VLWX6.HGJH;$)6


































͕ ͜ Ζ ''60Q









Ν؏଎ͪ͢ɽ͞͹ϕϨΦρζͺɼ୊  হ˒ Ͳफ़΄ͪΓ͑Ͷɼ''60Q
02) Ͷɼ࿬Ξͫൂ໚ରߑଆΝ༙ͤΖ0Q΢Ψϱ0Qͳ࢝໚ରߑଆΝ༙ͤΖ
0Q΢Ψϱ0Q͗؜ΉΗͱ͏Ζ͞ͳΝࣖࠨͤΖɽΉͪɼΦρζζϡϱϕ͹کౕ
͗  ͳ͵ΖΦϋϩάʖͺ H9 Ͳ͍Εɼඬ६γϱϕϩ 0Q2 ͹΍͹ਦ 




ϱ͹࢐ԿൕԢً͗͘͵͖ͮͪ͞ͳΝ֮ৄͤΖɽକ͏ͱɼਦ  FͶ ''6
0Q02)͹ै๎ుգఖͶ͕͜ΖϓʖϨΦร׷ޛ͹0Q.HGJH(;$)6Νࣖͤɽ




͠ΔͶɼै๎ుգఖͶ͕͜Ζ ''60Q02) ͹ 6.HGJH;$1(6 Νਦ 
ਦ ''60Q02) ͹
H[VLWX γϱϕϩDͳ 0Q ඬ
६γϱϕϩ͹ 0Q .HGJH
;$)6 ͕Γ; ''60Q
02)   ͹ϓʖϨΦร׷ޛ





଎͠Ηͪɽ͞ Ηͺ 66 ݃߻͹







ै๎ు઴ͳ׮સͶҲ஗͢ͱ͏ͪɽΉͪɼϓʖϨΦร׷ޛ͹ (;$)6ਦ  E









 ຌহͲͺɼ3;5'͕Γ; ;$)6 ଎ఈͶΓΕɼ'602)͹ै๎ుൕԢؽߑΝմ
໎ͪ͢ɽۯ޺ର੷͹୉͘͏'602) Ͳͺɼै ๎ుգఖͲۜ଒΢Ψϱͳ 66 ݃߻
͹Նٱ͵࢐ԿؒݫൕԢΝ൒͑Նٱ͵ߑଆรԿΝ؏଎ͪ͢ɽಝͶɼै ๎ుգఖͶ͕
͜Ζ '602) Ͷ؜ΉΗΖ 66 ݃߻͹Նٱ͵֋࿀࠸݃߻ɼͤ͵ΚͬɼుـԿָ
దಊద 66 ݃߻Ν؏଎ͪ͢ɽΉͪɼۯ޺ର੷͹ঘ͠͏'602)Ͳͺɼుմ࣯΢
Ψϱ͹ૢ೘୦཯͗Ͳ͘͵͏Άʹঘ͠͏ۯ޺͖͢͵͏ͪΌɼۜ଒΢Ψϱͳ 66 ݃
ਦ ''60Q02) ͹ H[VLWX6.HGJH;$)6























DS-MOF ߑଆ ۜ଒΢Ψϱ 66 ݃߻
1D-DS-Co-MOF Նٱ͵รԿ Co2+ →Co3+ Նٱ͵֋࿀/࠸݃߻ 
2D-DS-Cu-MOF Նٱ͵รԿ Cu2+ →Cu+ Նٱ͵֋࿀/࠸݃߻ 
3D-DS-Mn-MOF 1 Նٱ͵รԿ Mn2+ → Mn2+, Mn3+ Նٱ͵֋࿀/࠸݃߻ 
1D-DS-Cu-MOF ঘ͠͵รԿ Cu2+ → Cu2+, Cu+ รԿ͵͢ 
































୊  হ ΉͳΌ
˒ ݃࿨
 ຌݜڂͲͺɼζηϩϓΡχഓҒࢢΝ༙ͤΖۜ଒༙ؽߑଆର'602)͹ߑଆద
















 '602)ͳഓҒࢢୱಢ͹ుـԿָಝ੓Νർֳ͢ɼ02)ͶૌΊࠒΞͫ 66 ݃
߻͹ుஓಝ੓Ν৆ࡋͶݗ౾ͪ͢ɽ͞ΗͶΓΕɼ༙ްۯ޺ର੷͹୉͘͏'602)
ͲͺɼୱಢΓΕ΍୉͚͘ɼཀྵ࿨஍Ͷۛ͏༲ྖ͗ಚΔΗͪɽҲ๏ɼ༙ްۯ޺ର੷͹











02)ͳࢀ࣏ݫߑଆ͹ ''60Q02) ͺɼ๎ ుգఖͶ͕͏ͱుմӹͶ༻ड़͢
Ͷ͚͏Ҳ࣏ݫߑଆͳ್࣏ݫߑଆͳ͵Ζ͞ͳͲɼ߶͏γ΢έϩಝ੓Νࣖͪ͢ͳߡ
͓ΔΗΖɽ
 3;5'͕Γ; ;$)6 ଎ఈΝ༽͏ͱɼ༹ʓ͵ߑଆదಝ௅Ν༙ͤΖ'602)͹















































































































































 7DNHVKL 6KLPL]X +HQJ :DQJ 1DRNL 7DQLIXML 'DLMX 0DWVXPXUD 0DVDVKL
<RVKLPXUD .RML 1DNDQLVKL 7RVKLDNL 2KWD +LURIXPL <RVKLNDZD 5HYHUVLEOH
%DWWHULHV %DVHG RQ 6WDEOH 5HGR[ 5HDFWLRQV RI 'LVXOILGH ,QFOXGHG LQ D 0HWDO
2UJDQLF)UDPHZRUNDV/LJDQGV&KHP/HWW
7DNHVKL6KLPL]X.RML<DPDPRWR3DODVK3DQGLW+LURIXPL<RVKLNDZDDQG
6KXKHL +LJDVKLED\DVKL $SSOLFDWLRQ RI +\GUD]LQH(PEHGGHG +HWHURF\FOLF
&RPSRXQGVWR+LJK9ROWDJH5HFKDUJHDEOH/LWKLXP2UJDQLF%DWWHULHV6FL5HS

 +HQJ :DQJ -LQ ,VREH 7DNHVKL 6KLPL]X 'DLMX 0DWVXPXUD 7RVKLDNL ,QD
+LURIXPL <RVKLNDZD 3UHSDUDWLRQ RIЏ/L92 IURP SRO\R[RYDQDGDWH FOXVWHU















 ୫౽ চيɼੜਭ ߸ࢦɼ٤ઔߔ࢛ɼʰ ༙ؽࡒྋ͗୕͚ϪΠϟνϩϓϨʖ್࣏
ుஓ͹֋൅ͳԢ༽৿و༙ؽܧ್࣏ుஓࡒྋ͹֋൅ͳుஓಝ੓඲Ճ
'HYHORSPHQW DQG&HOO 3HUIRUPDQFH (YDOXDWLRQ RI1HZ2UJDQLF 5HFKDUJHDEOH
%DWWHULHV0DWHULDOV ɼʱʲ ݆קϓΟ΢ϱίϝΩϩ ɼʳεʖΦϞεʖड़൝ɼ תɼ
ߺɼSSɼ ೧ ݆  ೖקߨ

ॽ੸
 ٤ઔ ߔ࢛ɼੜਭ߸ࢦɼʰ ༙ؽໃؽ෵߻ࡒྋΝਜ਼ۅͳͤΖ߶༲ྖϨοΤϞ್࣏
ుஓ͹֋൅୊ হ ༙ؽܧਜ਼ۅࡒྋ͹֋൅ͳ߶༲ྖԿ ୊ ઇ ɼʱʲ ࣏੊େుஓ
༽ుۅࡒྋ͹߶Φϋϩάʖືౕɼ߶ड़ྙԿ ɼʳٗढ़৚ๅڢճɼSSɼ




<RVKLNDZD n%DWWHU\ 3HUIRUPDQFHV RI 0HWDO 2UJDQLF )UDPHZRUNV ,QFOXGLQJ
'LVXOILGH OLJDQGV| UG ,QWHUQDWLRQDO &RQIHUHQFH RQ &RRUGLQDWLRQ &KHPLVWU\
,&&&6HQGDL-DSDQ$XJXVW ϛηνʖ൅න
 ˕ 7DNHVKL 6KLPL]X +HQJ :DQJ +LURIXPL <RVKLNDZD n5HFKDUJHDEOH
%DWWHULHV RI 02)V ,QFOXGLQJ 'LVXOILGH /LJDQGV| WK $VLDQ &RQIHUHQFH RQ
&RRUGLQDWLRQ&KHPLVWU\$&&&0HOERXUQH$XVWUDOLD-XO\ ϛηνʖ൅න
 ˕7DNHVKL6KLPL]X+HQJ:DQJ+LURIXPL<RVKLNDZDn5HFKDUJHDEOHEDWWHULHV






 ˕ 7DNHVKL 6KLPL]X +LURIXPL <RVKLNDZD |,Q VLWX (OHFWURFKHPLFDO





 ˕ੜਭ ߸ࢦʀԨ߅ʀনଞ୉धʀ٤ઔߔ࢛ɼʰ ՏڰζηϩϓΡχഓҒࢢΝ༙
ͤΖ &R ͕Γ; 0Q ۜ଒༙ؽߑଆର͹್࣏ుஓਜ਼ۅಝ੓ ɼʱೖຌԿָճ୊  ॡ




&6- ԿָϓΥην ɼνϭʖϙʖϩ઩ຉ )ɼ ೧  ݆ɼϛηνʖ൅න
 ˕ੜਭ ߸ࢦʀԨ߅ʀনଞ୉धʀ஦੤߃࣏ʀ٤ଞਇ࢛ʀଢీय़໎ʀ٤ઔߔ࢛ɼ
ʰ;$)6 ෾ੵͶΓΖζηϩϓΡχഓҒࢢΝ؜΋ۜ଒༙ؽߑଆର͹ਜ਼ۅൕԢմ໎ ɼʱ




ฑ੔  ೧ౕཱིໍؙ୉ָ 65 ιϱνʖݜڂ੔Վๅࠄճɼཱིໍؙ୉ָ;Κ͞ʀ͚͠
ͯΫϡϱϏηϫʖϞى೨ؙ )ɼ ೧ ݆ɼϛηνʖ൅න
 ˕ੜਭ ߸ࢦʀԨ ߅ʀ٤ઔߔ࢛ɼʰ ζηϩϓΡχഓҒࢢΝ؜΋ۜ଒༙ؽߑଆ
ରΝ׈෼࣯ͳͪ͢߶੓೵್࣏ుஓ͹֋൅ݜڂ ɼʱೖຌԿָճ ୊  ॡل೧ճ
 ɼܜጱٝग़୉ָೖ٤ΫϡϱϏηɼ ೧ ݆ɼ޳ಆ൅න
 ˕ੜਭ ߸ࢦʀԨ ߅ʀ٤ઔߔ࢛ɼʰ ՏڰζηϩϓΡχԿ߻෼ΝഓҒࢢͳͤΖ
ۜ଒༙ؽߑଆର͹ుஓಝ੓ ɼʱ༙ ؽ್࣏ుஓݜڂ͹࠹઴ત ɼѬඦ୉ָϟυΡ


Πϙʖϩɼ ೧  ݆ɼ޳ಆ൅න
 ˕ੜਭ ߸ࢦʀԨ ߅ʀ٤ઔߔ࢛ɼʰ ζηϩϓΡχഓҒࢢΝ؜΋ۜ଒༙ؽߑଆ
ରΝ׈෼࣯ͳͪ͢߶༲ྖ್࣏ుஓ͹֋൅ݜڂ ɼʱ ೧ೖຌԿָճ஦ࠅ࢝ࠅࢩ
෨୉ճߵઔ୉ճɼߵઔ୉ָ߀ௌΫϡϱϏηɼ ೧  ݆ɼϛηνʖ൅න
 ˕ੜਭ ߸ࢦʀ٤ઔ ߔ࢛ɼʰ ۜ଒࢐Կ෼௔ఽ಍ର͹ుـԿָద෼੓੏ޜͶؖͤ
Ζݜڂ ɼʱ୊  յ෾ࢢՌָ౾࿨ճɼਈރϓΟρεϥϱϜʖφɼ ೧ ݆ɼϛ
ηνʖ൅න
 ˕ੜਭ ߸ࢦʀԨ ߅ʀ٤ઔߔ࢛ɼʰ ζηϩϓΡχഓҒࢢΝ؜΋ۜ଒༙ؽߑଆ
ରΝ׈෼࣯ͳͪ͢߶༲ྖ್࣏ుஓ͹֋൅ݜڂ ɼʱࡪରԿָճ୊  յ౾࿨ճɼෳ
Ԯ୉ָࣥ܀ΫϡϱϏηɼ ೧ ݆ɼϛηνʖ൅න




 ˕ੜਭ ߸ࢦʀѪഀծ๞෋ʀ٤ઔߔ࢛ɼʰ ݽରుـԿָൕԢͶΓΖ௔ఽ಍ର








 ೧  ݆ ໌ݻԲ୉ָ୉ָӅ ཀྵָݜڂՌ෼࣯ཀྵָ઒ߊԿָܧ ༑ऴर࢞
࿨ชৈʤ໌஦͹ ໌णৈ͹ ਕʥ




 ೧ ݆  ೧ౕؖ੤ָӅ୉ָ୉ָӅ ք֐ݜڂঁ੔ۜ
 ೧ ݆  ೧ౕؖ੤ָӅ୉ָ୉ָӅ ദ࢞՟ఖޛغ՟ఖݜڂওྯۜ
 ೧ ݆  ೧ౕؖ੤ָӅ୉ָ୉ָӅ ϗʖςಝพওָۜ

